A web site presents a graph-like spatial structure composed of pages connected by hyperlinks. This structure may represent an environment in which situated agents associated to visitors of the web site are positioned and moved in order to monitor their navigation. This paper presents a heterogeneous multiagent system supporting the collection of information related to user's behaviour in a web site by specific situated reactive user agents. The acquired information is then exploited by interface agents supporting advanced adaptive functionalities based on the history of user's movement in the web site environment.
Introduction
Adaptive web research area [1] aims at considering the problem of how large web sites that encompass several heterogeneous topics can be adapted so to take into account the heterogeneous information needs of different visitors who have very different characteristics, goals, backgrounds and needs. In this vein, we aim at designing adaptive web applications considering a web site as a graph representing a spatial structure composed of pages connected by hyperlinks. Consequently, we propose to exploit the graph-like structure of a web site as a Multi-Agent System (MAS) environment [2] on which agents representing visitors of the web site (hereafter user agents) are positioned and moved according to their navigation.
In particular, the environment represents a virtual structure where it is possible to gather information related to users' navigation in the web space in a more structured way, simplifying subsequent phases of analysis and adaptation of site contents. Though this approach can be used to propose additional links providing shortcuts to the terminal web pages as a sort of suggestion to the web site visitor, our proposal provides more than just gather information on users' behaviours for sake of web pages adaptation or navigation support, but exploits the MAS environment to provide users a means for mutual perception and interaction. In fact, information related to users' positions on the environment representing the web site can also be used to supply them awareness information on other visitors who are currently browsing the same page or pages close to it within the site. Moreover, keeping track of this information allows to make possible a form of interaction among users that is based on their positions on the site. Essentially, more than just showing a user the other registered visitors that are "nearby" (i.e. viewing the same page or adjacent ones), the system could also allow them to communicate each other. This form of interaction, in addition to the web page adaptation function, requires the adoption of a supporting technology that goes beyond the request/response model.
The overall system architecture we designed requires thus proper interface agents, able to interact with user agents situated in the previously introduced environment in order to exploit the acquired information on users' behaviours. This second type of agent is totally different from user agents, both from a modelling point of view and with reference to the supporting technology. In fact, the web interface agent must be active as long as the related web page is being viewed by a visitor and it must be able to proactively modify the page to improve the user's browsing experience. The overall system architecture, summarized in Fig. 1 , includes thus heterogeneous agents collaborating to achieve this goal.
The following section describes the general framework of this approach, the mapping between the web site structure and user agents' environment. Section 3 describes an application providing the exploitation of this information for the adaptation of web pages by proper interface agents. A brief comparison of this approach and related work can be found in Sect. 4, and finally concluding remarks and future developments will end the paper.
Site Structure and Reactive User Agents
A web site is made up of a set of HTML pages (generally including multimedia contents) connected by means of hyperlinks. It is possible to obtain a graph-like structure mapping pages to nodes and hyperlinks to edges interconnecting these nodes. This kind of spatial structure could be exploited as an environment on which user agents related to site visitors are placed and move according to the related users' activities. This structure can be either static or dynamic: for instance it could vary according to specific rules and information stored in a database (i.e. database driven web sites). However, this kind of structure (both for static and dynamic web sites) can generally be obtained by means of a crawler, then it could be maintained by having periodic updates.
Given this spatial structure, a multi-agent model allowing an explicit representation of this aspect of agents' environment is needed to represent and exploit this kind of information. Situated agents models represent a useful source of abstractions and mechanisms supporting the definition environments for MAS, towards a precise definition of concepts such as locality and perception. There are not many models for situated agents, which provide an explicit representation of agent's environment. Some of them are mainly focused on providing mechanisms for coordinating situated agent's actions [3] , others provide the interaction among agents through a modification of the shared environment (see, e.g., [4, 5] ). The Multilayered Multi Agent Situated Systems (MMASS) [6] model, that was adopted for the proposed system, supports an explicit representation of agents' environment through a set of interconnected layers whose structure is a graph of nodes (also referred to as sites in the model terminology; from now on we will use the term node to avoid confusion with web sites). The model was adopted due to the similarity among the defined spatial structure of the environment and the structure underlying a web site. Moreover, the model defines a set of allowed actions for agents' behavioural specification (including a primitive for agents' movement), that are useful to support the specification of situated agents mimicking the behaviour of web site visitors, for sake of monitoring and acquisition of user related data.
A platform for the specification and execution of simulations based on the MMASS model [7] was exploited to implement the part of the system devoted to the management of agents in their environments. The definition of spatial structure of the environment was supplied by a web crawler, while agents' movement is guided by external inputs generated by the requests issued by the related web site visitor. The general architecture of the system is shown in Fig. 1 : the Agent server module is implemented through the MMASS platform, while the Web server is a Tomcat servlet container hosting SnipSnap 3 , a Java-based weblog and wiki software. The highlighted Tracker module is a implemented through a Java Servlet, which is invoked by every page of the site but does not produce a visible effect on the related web page. The Tracker is responsible for triggering the creation and the movement of agents related to visitors in the environment related to the web site structure. In particular, when a user makes his/her first page request the Tracker is invoked by the interface agent associated to the page. Then the Tracker tries to set a cookie on the client including the session information. If the cookie is accepted, it is possible to use the session information to identify the user; on the other hand, requests from clients not accepting cookies will not be monitored.
The management of agents creation and movement is not as simple as its intuitive description might indicate. In fact, the same user could be using different browser pages or tabs to simultaneously view distinct pages of the site. In other words, a user might be simultaneously following different trajectories in his/her web site navigation. In order to manage these situations, a user can be related to different agents, and his/her requests must be associated to the correct agent (possibly a new one). Finally, agents related to finished (or interrupted) user navigation should be eliminated by the system, storing the relevant part of their state in a persistent way, until the related user requires again a page of the site. In particular, remote users' requests may be divided into two main classes, according to their effects on the Tracker and Agent server. A request may bring to the creation of a new agent: whenever a new user requires a web page, the Tracker will invoke the Agent Server requiring the creation of an agent whose starting position is the node related to the required page. On the other hand, a request might generate the movement of an agent: when the viewer of a page follows one of the provided links, the related web browser will generate a request for a page that is adjacent to one of the related agents which must be moved to the node related to the required page.
Consequently to the movements of user agents in the nodes of the graph structure which mimic the navigation of the users within a web site, the system is able to keep tracks of them into proper data structure called traces. A trace keeps three kinds of information: the identifier of the user agent to which the trace is related, the starting node related to the agent and destination node related to the browsing sequence related to the trace. Additionally, this information is stored with other data in a database to allow for the provision of more advanced functionalities and for the evaluation of the system.
The Web Interface Agent
The aim of the Interface Agent is to improve the browsing experience of a user by adapting the page he/she is currently viewing to his/her preferences, needs or habits. To do so, it must be active during the time-span in which the page is visualized by the browser, and it must be able to dynamically alter its appearance. To do so, it must also be able to interact with the previously introduced system to be informed about past user's behaviour. In other words the interface agent is a client-side component, "living" in the web browser and interacting with it in a proactive way.
After the analysis of the various candidate technologies for the design of the interface agent, we have chosen to adopt AJAX to this aim. With AJAX (shorthand for Asynchronous JavaScript and XML) 4 in fact it is possible to create an agent hosted in the web browser that remains alive and active during the visualization of a web page. AJAX makes it is possible to go beyond the classic web request/response model and develop proactive interface agents. Conversely, other approaches have different drawbacks: Java applets 5 lack of facilities to be integrated with the web browser, since they are confined in a sandbox and cannot manipulate the data of the page in which they are executed. Flash 6 instead, lacks of a proper full-featured Open Source IDE due also to its commercial nature. Every interface agent provides personalized suggestions about items that a given user could find interesting, according to the navigation history of the user and of other site visitors. These suggested links are selected from the previously introduced traces. As shown in Fig.1 , in fact, interface agents can access the database of stored traces through the Suggestion Servlet. The strategy adopted to select the most relevant traces to be presented to a given user considers the occurrence of trace generation and the success rate of the traces that were proposed.
A first element of this strategy is adopted when new users (or non authenticated ones) enter the site. In this case the user has no previous history (or it is not possible to correlate the user with his/her history), and the adopted strategy considers all stored traces, not considering the user which generated them. An additional information that is stored with traces is the number of times that the related trace was really selected and shown to a user and the number of times that the related link was actually exploited by a user. This kind of information allows to obtain an indication of the success rate of the suggestions that were chosen by the agent, and can be exploited to select the traces to be shown in the adaptive block. When the agent has an indication of the user which issued the request, it may focus the selection activity to those traces that compose the history of user's activities in the web site, in a web customization framework. In fact traces include an indication of the agent which generated them, and in turn agents are related to registered users. Moreover, in order to focus on a specific user's history but do not waste the chance to exploit other users' experiences, just two of the three available slots for emergent links are devoted to traces that were generated by that user and one is selected according to the strategy adopted for anonymous or new users. Because the time spent on a page had a strong correlation with explicit interest [8] , the adopted strategy uses this information to refine the proposed suggestions.
An example of page adaptation refers to the adoption of a recurrent trace leading from the index of the web site to a content page, that is not directly connected to the index but that is visited very frequently. This kind of "vertical" 7 adaptive hyperlink is frequently observed in the prototypal implementation of the system, which is installed in a web site presenting information about a research laboratory as well as information on courses held by members of the group 8 . Since the number of students of some of these courses is very high, they frequently generate traces connecting the index to the page related to those courses. These traces represent effective shortcuts allowing to bypass intermediate index pages related to education activities and university courses. However, suggested links can also connect pages deep in the site structure. For example, a page related to a project might not be explicitly connected to another page describing a particular modeling approach adopted in that project, but a user might browse the web site and effectively discover that page, causing the generation by the system of a correspondent trace connecting the project and the modeling approach. This trace might not be extremely relevant to all visitors of the web site, due to the fact that this navigation path will probably be not very frequent, but if the visitor is a registered user the trace could be stored and suggested anyway, since a number of slots in the adaptive area of the page is reserved to user-generated emerging links.
This strategy for the exploitation of the gathered and stored traces, based on users' behaviours and movement in the web site environment, represents a very simple way of exploiting this kind of information without requiring an off-line analysis of the logs generated by the web server.
Related Work
There are several different approaches and relevant experiences in the area of web site adaptation, and some of them are also related to agent technologies. In particular, a relevant approach provides the adoption of information agents supporting users in their navigation [9] . These agents generally consider both the specific behaviour of the user and the actions of other visitors, and adopt multiple strategies for making recommendations (e.g. similarity, proximity, access frequency to specific documents).
The Footprints system [10] instead provides a site optimization through the metaphor of site visitors leaving traces in their navigation. These signals accumulate in the environment, generating awareness information on the most frequently visited areas of the web site. No user profile is needed, as visitors are essentially provided this information which could represent an indicator of the most interesting pages to visit. The metaphor of the structure of the web site as an environment on which visitors move in their search for information is very similar to the one on which the proposed framework is based, but we also propose the exploitation of the gathered information on users' paths for user specific customization. Another interesting recent work [11] represents an attempt to integrate interaction mechanisms similar to the one adopted by Footprints, often referred to as stigmergic interaction mechanisms [12] , and cognitive agents. This line of research could represent an interesting way to integrate the proposed approach, which is able to generate and manage awareness contextual information, with higher level mechanisms and strategies of adaptation.
Other approaches provide instead the generation of index pages [13] , that are pages containing links to other pages covering a specific topic. These pages, resulting from an analysis of access logs aimed at finding clusters grouping together pages related to a topic, are proposed to web masters in a computer-assisted site optimization scheme. A different approach provides the real-time generation of shortcut links [14] , through a predictive model of web usage based on statistical techniques and the concept of expected saving of a shortcut, which considers both the probability that the generated link will be effectively used and the amount of effort saved (i.e. intermediate links to follow). In particular, this framework is very similar to the one proposed here with reference to the aims of the overall system, but it incorporates a complex algorithm for off-line analysis of logs, while the proposed approach provides a light and dynamic generation of most probable useful links and the storage of these proposals and high level information on site usage for a possible further off-line analysis.
Conclusions and Future Developments
This paper introduced a heterogeneous multi-agent system, comprising an environment on which agents related to visitors move and possibly interact. This approach allows the gathering of a structured form of information on users' behaviours and activities in the web site. The concept of traces has been introduced in order to support an application exploiting information on users' browsing history for sake of web pages adaptation. The introduced framework and the application to web site adaptation have been designed and implemented, exploiting a platform supporting systems based on the MMASS model.
A campaign of tests aimed at evaluating the effectiveness of the adaptation approach, and also for sake of tuning the involved parameters (e.g. timings, number of presented possible emerging links) is currently under way. Some preliminary results [15] show that the suggested links are effectively used as shortcuts leading to interesting pages. A more comprehensive evaluation of the system will be based on user interviews in addition to quantitative data on the frequency of use of adaptive hyperlinks. The results of this evaluation might also lead to consider the modelling, design and implementation of more complex trace selection strategies, and thus a more complex behaviour for the interface agent.
A prototype supporting the context-aware interaction among web site visitors through the introduced architecture was also implemented and it is currently being evaluated in a specific case study. In this framework, the environment related to the web site also supports the mutual perception of the agents situated in it and it also supports a form of interaction among them depending on their relative positions. The latter can be thus considered as a form of context-dependant interaction. A more thorough analysis of the possible applications of this approach can be found in [15] .
Additional future works will be focused on the introduction and exploitation of higher level semantic information related to the site structure and contents, in order to design additional forms of adaptation also working on images and multimedia contents.
